A new kind of Cerenkov beam position monitor is described.
I. INTRODUCTION
There are numerous situations in high energy physics where one wishes to know the position of a beam of charged particles, and correspondingly a large number of different kinds of position monitors have been developed depending on the particular application (e. g. , the aperture and resolution required, the range of beam currents over which the device must be sensitive, and the amount of multiple scattering that can be tolerated) 0 The list of references' is not intended to be comprehensive but rather, reviews some of the monitors which are used at SLAC and which are representative of the different kinds of devices. The performance of these devices is discussed briefly here in terms of the time structure of the SLAC electron beam (viz, a 1.6 psec duration pulse 360 times per second). Each is basically sensitive to the total charge being measured rather than the peak current.
Visual monitors such as ZnS screens or the vidicon image of the Cerenkov light from the beam are satisfactory at high currents and for displacements 2 1 mm but have the obvious disadvantage that at low currents, (e.g. < 100 PA peak current), the images are no longer visible. la A toroidal inductive pickup monitor, such as that described in The position monitor described here is a development of a counter constructed at CERN several years ago, which consisted of a triangular wedge of scintillator 0 2 A similar counter has also been used recently at Serpukhov. 3
The amount of light detected when a particle passed through the counter was directly proportional to the length of the particle trajectory through the scintillator and hence also to the particle position. The present counter is based on the same idea but detects the Cerenkov light emitted in a gas rather than the light from a scintillation counter, and therefore, has the merits of small beam degradation and a larger dynamic range, in addition to good spatial resolution and high sensitivity.
The basic unit consists of two Cerenkov cells. (See Fig. 1 .) The path length of a particle through one of the cells (referred to as the "flat cell") is independent of the particle's horizontal and vertical position whereas the dis- The counter is filled with 1 atmosphere of Freon 12 for maximum sensitivity at low currents.
The minimum current at which the position monitor will work effectively is limited only by the requirement that the phototube signals be integrated over a large enough number of bursts to obtain a statistically significant number of photons.
4 To achieve a position resolution of l/2 mm, it was necessary to measure the ratio, R=V wedge'Vflat ' of the signals from the two phototubes to an accuracy of about 1 percent. This implies that for a Cerenkov cell consisting of 5 atm-cm of Freon and an electron burst 1.6 psec long, the minimum current at which the position can be determined to the desired accuracy, burst by burst, is approximately 1 nA. To prevent saturation of the phototubes when operating at higher currents, the gas pressure may be decreased and/or the light entering the phototubes attenuated by means of neutral density filters or two polarizing filters. Thus the counter may be used for currents varying over at least six or seven orders of magnitude.
II. DESCRIPTION OF THE COUNTER
A. General C depends only on the index of refraction of the gas and the momentum of the particle which are the same for both cells. Therefore, given that zl, tan 0, El and E2 are fixed constants, the measured position is proportional to (G2/G1)x.
III. MEASUREMENTS AND RESULTS
The counter was tested at SLAC in a primary electron beam consisting of ten bursts per second. In order to demonstrate the complete dynamic range of the monitor, two separate runs were made: one in which the peak beam current was varied from 100 PA to 10 mA and one in which the current was varied from 20nAto 13pA. For the first run, the cell gas was one atmosphere of N2 and the Cerenkov light was attenuated by lo4 before entering the phototubes, whereas for the latter run the gas was 1 atmosphere Freon 12 and the attenuation factor was 102(6). The counter was mounted on a traverse table and was aligned with the electron beam along its center axis. It was then traversed in 5 mm steps 6. It should be noted that spurious light may be produced by stray particles emitting Cerenkov radiation in the lucite pipes. By measuring the phototube outputs when the counter was evacuated, it was determined that the amount of background light produced in this way was sufficiently large, during the high current run, to lower slightly the effective resolution of the counter.
For this reason, it is probably advantageous to design the counter with air light guides rather than with lucite ones. 
